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This f igure ,  which i s  a p r i n t  from S-201 frame 40 of a 1-min exposure 
centered  on t h e  e a r t h ,  wavelength range 1050-1600 8, was not  a v a i l a b l e  
i n  a reproducib le  form f o r  t h i s  document. I t  may be  found i n  Apollo 16 
Prel iminary Science Report,  NASA SP-315, November 1972, p. 13-8. 
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n e u t r a l s  impacting t h e  thermosphere. The t r a j e c t o r y  of a  n e u t r a l  produced 
by charge exchange i s  determined by t h e  d i r e c t i o n  t h e  ion  was moving a t  
t h e  i n s t a n t  of charge exchange - and f o r  ene rg i e s  above a  few ev t h e  atoms 
t r a v e l  i n  e s s e n t i a l l y  s t r a i g h t  l i n e s .  For i s o t r o p i c  i o n  v e l o c i t y  d i s t r i b u -  
t i o n s  t h e r e  w i l l  be an  i s o t r o p i c  product ion of n e u t r a l s ,  and most w i l l  
escape t h e  e a r t h ,  wi th  l e s s  t han  10% impacting t h e  thermosphere. 
A n  important  f e a t u r e  of t h e  p r e c i p i t a t i o n  is  t h a t  nea r  t h e  magnetic 
equator  atoms moving n e a r l y  perpendicular  t o  t h e  magnetic f i e l d  can become 
t rapped  a g a i n  on t h e i r  f i r s t  i o n i z i n g  c o l l i s i o n  ( f o r  some s p e c i e s  and e n e r g i e s  
t h e  p r o b a b i l i t y  of t h i s  happening i s  ve ry  low) and a low a l t i t u d e  b e l t  of 
temporar i ly  t rapped  ions  is set up. Its energy spectrum is  approximately 
t h a t  of t h e  h igh  a l t i t u d e  r i n g  c u r r e n t ,  and i t s  f l u x  tends t o  r i s e  and f a l l  a s  
t h e  r i n g  c u r r e n t  f l u x  changes. These p a r t i c l e s  go through a succes s ion  of 
charge exchange n e u t r a l i z a t i o n  and i o n i z a t i o n  c y c l e s ,  d i f f u s i n g  v e r t i c a l l y  
i n  t h e  p roces s ,  be fo re  l o s i n g  t h e i r  energy. Such e q u a t o r i a l  f l u x e s  of 
t rapped i o n s  have been d e t e c t e d  from s a t e l l i t e s  a  number of t i m e s .  
The l a t i t u d e  d i s t r i b u t i o n  of t h e  p r e c i p i t a t i n g  n e u t r a l s  has  been c a l c u l a t -  
ed and is  shown i n  F igure  5 .  These c a l c u l a t i o n s  a r e  f o r  a  popu la t ion  of  
i ons  which a r e  i n i t i a l l y  i s o t r o p i c  and on t h e  L s h e l l  de f ined  by L = 3 such 
a s  t h e  i s o t r o p i c  d i s t r i b u t i o n s  found where t h e  r i n g  c u r r e n t  is  i n t e r a c t i n g  
wi th  t h e  plasmasphere a t  t h e  plasmopause. A s  t h e  i ons  a r e  l o s t  by charge  
exchange those  which mi r ro r  a t  lowest  a l t i t u d e s  a r e  l o s t  f a s t e s t  ( t h e  exospher ic  
hydrogen has  a  s c a l e  h e i g h t  of about 1000 km). Thus t h e  ions  wi th  e q u a t o r i a l  
p i t c h  ang le s  n e a r e s t  t o  0' o r  180" a r e  l o s t  f a s t e s t ,  and t h e  p i t c h  a n g l e  
d i s t r i b u t i o n  evolves wi th  t ime toward a  pancake d i s t r i b u t i o n ,  and t h e  l a t i t u d e  
d i s t r i b u t i o n  s h r i n k s  towards t h e  equator .  For a  d i s t r i b u t i o n  composed of  90" 
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e q u a t o r i a l  p i t c h  ang le  p a r t i c l e s ,  a l l  motion would be  confined t o  t h e  equato- 
r i a l  p lane ,  and a l l  p a r t i c l e s  would be  p r e c i p i t a t e d  e s s e n t i a l l y  a t  t h e  magnet ic  
+ 
equa to r .  The t imesca l e  f o r  t h i s  f i g u r e  corresponds t o  1-30 keV H i o n s  i n  
t h e  r i n g  c u r r e n t  w i th  exospher ic  hydrogen concen t r a t ion  and a l t i t u d e  d i s t r i b u -  
t i o n  f o r  a  9 5 0 ' ~  exospher ic  temperature.  For o t h e r  s p e c i e s  t h e  charge  
exchange c r o s s  s e c t i o n s  a r e  smaller, hence t h e  t i m e  s c a l e  is longer .  F igu re  
6 shows t h e  v a r i a t i o n  of r e a c t i o n  r a t e  o r  ( i n v e r s e l y  p r o p o r t i o n a l  t o  l i f e t i m e )  
f o r  s e v e r a l  r i n g  c u r r e n t  s p e c i e s .  F igure  7 shows t h e  l a t i t u d e  d i s t r i b u t i o n  
of p r e c i p i t a t i n g  n e u t r a l s  f o r  i s o t r o p i c  p i t c h  a n g l e  d i s t r i b u t i o n s  on v a r i o u s  
L-shel ls  shown. There is a peak i n f l u x  rate of about  15' equatorward a t  
t h e  f o o t  of t h e  L-shel l  on which t h e  r i n g  c u r r e n t  i o n s  a r e  l oca t ed .  Th i s  
i s  p a r t i c u l a r l y  i n t e r e s t i n g  s i n c e  SAR-arcs a r e  found 10-15' i n s i d e  t h e  l a t i t u d e  
of t h e  hydrogen a u r o r a l  a r c s  t h a t  r e s u l t  from d i r e c t l y  p r e c i p i t a t i n g  r i n g  c u r r e n t  
pro tons .  While precipitating n e u t r a l s  probably don" t d i r e c t l y  e x c i t d "  
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e a s i l y  d e t e c t a b l e  o p t i c a l  emiss ions ,  o r  t h e  s t r o n g  6300 A emission oft,SAR- 
a r c s  (hot  e l e c t r o n s  seem t o  be t h e  cause of t h a t ) ,  t h e  p r e c i p i t a t i n g  n e u t r a l s  
might h e a t  t h e  atmosphere s u f f i c i e n t l y  t h a t  F-ltegion composition is enhauced 
i n  molecular  c o n s t i t u e n t s  and might a l s o  v i b r a t i d n a l l y  e x c i t e  t h e  molecules ,  
s o  t h a t  d i s s o c i a t i v e  recombination is  a c c e l e r a t e d ,  producing t h e  e l e c t r o n  
d e n s i t y  t roughs observed. I n  such low e l e c t r o n  d e n s i t y  r eg ions  t h e  downward 
conduction by e l e c t r o n s  of r i n g  c u r r e n t  energy w i l l  h e a t  t h e  ionospher ic  
e l e c t r o n s  s u f f i c i e n t l y  t o  e x c i t e  6300 emission.  
Most plasmaspheric  i ons  do no t  have i s o t r o p i c  d i s t r i b u t i o n s ,  however, 
and f o r  i o n s  a t  low L va lues  t h a t  have been r a d i a l l y  t r anspor t ed  inward by 
t r a n s v e r s e  e l e c t r i c  f i e l d s ,  and which have been s u b j e c t  t o  e r o s i o n  by charge 
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exchange for days or weeks, a very highly anisotropic pancake pitch angle 
distribution is found. It is apparently a combination of this anisotropic source, 
together with an increased efficiency of trapping at low altitudes, which 
results in the equatorial low altitude trapped particles. Fig, 8 shows the 
latitude variation of several thermosphericmaniEestations of neutral atom 
precipitation. The histogram is trapped protons from precipitating MeV H 
+ 0 atoms, according to Hovestadt; the smooth curve is He 304 A emission 
from precipitating MeV helium, according to Meier, and the sawtooth curve 
is the latitude variation of 'probability of occurrence' of H Balmer a 
emission from precipitating H atoms, according to Levasseur. 
With the spacelab observations, we expect to be able to see very faint 
- 2 
emissions, of order 10-I to 10 R, with time integration, and thus to see 
the effects of neutral atom precipitation in quiet as well as disturbed times. 
We will look for emissions not previously detected, and one very important 
objective is to identify the precipitation of atomic oxygen. We will look 
for oxygen emissions of higher excitation potential than those produced by 
recombination, and we will look for lines of hydrogen and helium at low 
altitudes of intensity greater than that possible from resonant scattering, 
and for all three for lines of doppler widths greater than could be produced 
by resonant scattering or chemical excitation. One characteristic of 
collisional excitation by heavy particles is that they transfer momentum and 
excite vibrational levels of molecules, thus high vibrational excitation of 
N*+ ING emissions is a signature of hydrogen atoms or protons below 2 keV, of 
helium ions or atoms below 8 keV, or oxygen atoms or ions below 30 keV, 
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We will be using special techniques to detect the presence of faint 
lines in the presence of background emissions, such as the zodiacal light 
and background starlight. One is to minimize the background by selecting 
viewing directions at high galactic and ecliptic latitudes. This will be 
somewhat constrained by the need to'imaging the limb for altitude profiles of 
the emissions. However, whatever astronomical backgrounds are present will be 
viewed at high zenith angles on a different part of the orbit, and subtracted 
later. Non astronomical backgrounds would be mainly recombination emissions, 
and as noted earlier, the particle precipitation emissions are distinguishable 
on the basis of different doppler widths, and different vibrational ratios 
for molecular emissions. 
I am sure that part of the background we will be identifying and sub- 
tracting will be emissions due to the artificial environment introduced by 
the shuttle, and excited by active experiments on the shuttle, so we hope 
to be of use to other experiments in providing data on these too. 
The final figure summarizes the functional objectives. 
FUNCTIONAL OBJECT IVFS OF ENAP 
1, EVALUATE R E L A T I V E  FLUXES OF DIFFERENT SPECIES INVOLVED I N  
NEUTRAL ATOM P R E C I P I T A T I O N  BY MEASURING I N T E N S I T I E S  OF 
S P E C I F I C  EMISSIONS,  
2 ,  EVALUATE ENERGY SPECTRUM OF PREC I P ITATI NG NEUTRALS BY MEASUR- 
- 
I N G  (A) DOPPLER PROFILES (B) V I B R A T I O N A L  RATIOS (c) A L T I T U D E  
PROFILES FROM L I M B  SCANNING OF E M I S S I O N S ,  
3 ,  EVALUATE LATITUDE DISTRIBUTION OF PRECIPITATION BY MAKING 
OBSERVATIONS OVER A RANGE OF LATITUDES, I N  FACT THE COMPLETE 
LATITUDE RANGE DEFINED BY THE ORBIT OF SPACELAB, 
4, EVALUATE THE TIME VARIATION OF THE FLUXES OF PRECIPITATING 
NEUTRALSj  AND OF THE L A T I T U D E  D I S T R I B U T I O N S j  PARTICULARLY 
AS IT IS RELATED TO VARIATIONS IN DST AND Kp. FOR THI s THE 
MORE T I M E  SPENT I N  N I G H T T I M E  OBSERVATIONJ UP TO THE MAXIMUM 
DURATION OF THE M I S S I O N J  THE BETTER THE S C I E N T I F I C  RETURN, 
5 ,  EVALUATE THE EFFECTS ON THE ATMOSPHERE, PARTICULARLY HEATING, 
V I B R A T I O N A L  E X C I T A T I O N  AND PRODUCTION OF I O N I Z A T I O N j  BY 
OPTICAL OBSERVATIONS AND IF POSSIBLE OTHER SPACELAB, SATELLITE 
AND GROUND BASED OBSERVATIONS, AND COMPARE WITH EFFECTS 
CALCULATED FROM EVALUATED FLUXES, 
6 ,  EVALUATE THE EFFECTS OF LOSS OF RING CURRENT IONS OF SPECIFIC 
ENERGIES) S P E C I E S j  AND P I T C H  ANGLES ON THE EVOLUTION OF THE 
R I N G  CURRENT) AND COMPARE WITH OTHER S A T E L L I T E  AND GROUND 
BASED (MAGNETIC) OBSERVATIONS, 

SECTION V, WIDE ANGLE MICHELSON DOPPLER 
IMAGING INTERFEROMETER (WAMDI I )  

